In mitral atresia with a closed or narrowly patent foramen ovale, anomalous pulmonary venous connexions may occur that function as collateral pathways for the return of pulmonary venous blood to the heart. In 2 cases (Edwards and DuShane, 1950; Lucas et al., 1962) , although all the pulmonary veins' connected normally, an anomalous channel-termed a levo-atriocardinal veinformed the collateral pathway connecting the left atrium to the left innominate vein.
In mitral atresia with a closed or narrowly patent foramen ovale, anomalous pulmonary venous connexions may occur that function as collateral pathways for the return of pulmonary venous blood to the heart. In 2 cases (Edwards and DuShane, 1950; Lucas et al., 1962) , although all the pulmonary veins' connected normally, an anomalous channel-termed a levo-atriocardinal veinformed the collateral pathway connecting the left atrium to the left innominate vein.
This report describes coexisting pulmonary venous anomalies in 5 cases among a group of 29 cases of mitral atresia studied by us. In 4 of these 5, the anomalous pulmonary veins took the form of anomalous pulmonary venous connexion: in the remaining 1 the pulmonary venous anomaly was represented by cor triatriatum. In 3 of the 5 cases (Group I) mitral atresia and premature closure of the foramen ovale coexisted. The anomalous pulmonary venous connexions in this group provided collateral routes for the flow of pulmonary venous blood, and can be understood as developing in response to obstruction at the foramen ovale when the mitral valve is atretic.
In the remaining 2 cases (Group II) no such causative factor could be invoked for the presence of the pulmonary venous anomalies, since in each an interatrial communication was present. In one of the latter group total anomalous pulmonary venous connexion coexisted with a common atrium. In the other, cor triatriatum coexisted with a patent foramen ovale-the four individual pulmonary veins connecting to the upper (accessory) left atrial chamber.
In all 5 cases, regardless of the specific anatomical arrangement, obstruction to pulmonary venous flow occurred. Grossly, in the 4 cases where the lungs were available for study, this organ appeared much congested and cedematous and the pleural surfaces showed a reticulated pattern of distended lymphatic channels. Histologically, there was medial hypertrophy of muscular arteries with very prominent elastic membranes, medial hypertrophy of the arterioles, congestion of alveolar walls, and dilatation of lymphatics (Fig. 1) .
The purpose of this report is to define the pulmonary venous anomalies in 4 of the 5t cases. Two of them (Cases 1 and 3) indicate the complexity of the pulmonary venous system that may develop when obstruction to flow is present during the stages when the lungs and their respective vascular beds are developing. The material also will indicate how normal mediastinal structures may contribute to obstruction of anomalous pulmonary veins. In a newborn male infant with normally interrelated great arteries, the mitral valve was atretic, and the foramen ovale prematurely closed. The endocardium of the small left atrium was thickened. The upper and lower right pulmonary veins and the lower left pulmonary vein joined the left atrium at normal sites ( Fig. 2) , while the left upper vein did not join the left atrium. In the interlobar fissure venous radicles of the left lower pulmonary lobe passed into the substance of the left upper pulmonary lobe (Fig. 4) . From the intrapulmonary concourse of these radicles the anomalous left upper pulmonary vein was formed. After leaving the medial aspect of the upper lobe of the left lung, the anomalous left upper pulmonary vein passed medially, inferior to the left pulmonary artery (Fig. 3, left) . It then turned abruptly posteriorly, passing between the left pulmonary artery antero-superiorly and the left main bronchus postero-inferiorly. In the latter position the vein was compressed by these contiguous structures ( Fig. 3 and 5) . The left upper pulmonary vein then turned vertically, and, while its termination was not identified, its position and course were consistent with a termination in the left innominate vein (Fig. 5 ). Inferior to its compression by the left pulmonary artery and bronchus the left upper pulmonary vein measured 3 mm. in diameter. Above this level it measured 1 mm. in diameter.
In the presence of coexistent mitral atresia and premature closure of the foramen ovale, it is obvious that the direction of pulmonary venous blood flow was abnormal. Reference to the anatomical arrangement of the pulmonary veins (Fig. 5) (Fig. 4) pulmonary venous blood) as it coursed between the left pulmonary artery and the left main bronchus. This anatomical phenomenon of compression of an anomalous pulmonary vein by contiguous structures is comparable to that described by Kauffman, Ores, and Andersen (1962) and by Elliott and Edwards (1962) . The latter authors referred to this phenomenon of compression as a "hemodynamic vice."
Case 2. Mitral atresia; premature closure of the foramen ovale; hypoplasia of the right upper pulmonary vein. Hypoplastic left ventricle and a ventricular septal defect also were present.
In a newborn infant (sex unknown) with normally interrelated great arteries, the mitral valve was atretic, and the foramen ovale prematurely closed. In the necropsy specimen available for examination the pulmonary veins had been excised near the left atrium and the lungs had not been submitted for study. In the wall of the left atrium, the ostia of the upper and lower right pulmonary veins were present at normal sites (Fig. 6) upper and lower right pulmonary veins converged to form a single venous channel that crossed the midline and then coursed upwards to terminate in the left innominate vein (Fig. 7 and 8, left) . During its ascending course, this anomalous vein was compressed by the left pulmonary artery anteriorly, by the left main bronchus posteriorly (Fig. 7, left insert) , and by the patent ductus arteriosus medially. The veins from the left lung also showed unusual features. In the left interlobar fissure, venous radicles from the lower lobe connected with those from the upper lobe (Fig. 8, right) .
From the concourse of these radicles an anomalous left upper pulmonary vein was formed. This vein ascended posterior to the left upper bronchus. It then passed through a narrow fork formed by two branches of the artery to the upper lobe of the left lung ( Fig. 7 and 8) . Two sites of compression of this vein were identified. One was in the aforementioned arterial fork; the other was below this level. At the latter site the bronchus (supplying the upper lobe of the left lung) pressed on the anterior wall of the vein as it was held fixed in the arterial fork above (Fig. 7, right insert) . While the site of termination of the anomalous left upper pulmonary vein could not be identified, its course and position indicated that, like the anomalous vein from the right lung, it had joined the left innominate vein.
The total anomalous pulmonary venous connexion in this case was interesting from several points of view. It is uncommon to discover two separate sites of anomalous termination of pulmonary veins. When this does occur the two sites of termination are usually remote from each other (Burroughs and Edwards, 1960) . In the case reported here the anomalous vein from the right lung entered the left innominate vein, and the course and position of the anomalous left pulmonary vein suggested that the latter also joined the left innominate vein.
In mitral atresia the phenomenon of pulmonary venous obstruction is usually dependent, wholly or in part, on an inadequate interatrial communication for the exit of blood from the left atrium. In this case, the atrial septum was absent allowing free communication between the atria. The pul- monary venous obstruction resulted from compression by mediastinal structures of the anomalous pulmonary veins.
In Case 1, the demonstrated, and in Case 2, the assumed, anomalous connexion of pulmonary veins could be explained on the basis that there were collateral channels in the face of obstruction to blood flow from the left atrium. No such obstructive factor existed in this case to explain why the pulmonary veins connected anomalously.
Case 4. Mitral atresia; cor triatriatum; patent foramen ovale. Also present were two ventricular septal defects, a patent ductus arteriosus, a bicuspid aortic valve, tubular hypoplasia of the aortic arch, hypoplasia of the left ventricle, atresia of the right atrial ostium of the coronary sinus, and anomalous origin of the right subclavian artery.
In a 2-year-old girl, normally interrelated great arteries, mitral atresia, and a patent foramen ovale coexisted with cor triatriatum. The four individual pulmonary veins joined a well-defined, accessory left atrial chamber. This chamber communicated through a relatively wide orifice in its floor with the true left atrium below (Fig. 9) . The lower chamber communicated with the left atrial appendage and, through a narrow patent foramen ovale, with the right atrium (Fig. 10) . The atrial wall in the region of the foramen ovale bulged into the right atrium. Elevated pressure in the true left atrium caused by the mitral atresia produced the bulging of the atrial septal wall into the right atrium, and this, in turn, produced patency of the foramen ovale from posterior displacement of the valve of the foramen ovale. The relatively wide orifice between the accessory and true left atrial chambers would provide little, if any, obstruction to pulmonary venous blood flow. It is considered, therefore, that pulmonary venous obstruction in this case occurred on the basis of the coexistent mitral atresia and narrow patency of the foramen ovale.
No collateral pathways for the return of pulmonary venous blood were present. The cor triatriatum is considered, therefore, to have developed at or about the same time as the development of the mitral atresia, and to be coincidentally, not causally, related.
COMMENT
In early stages of pulmonary development the primordia of both lungs and their respective lobes are represented by one mass of tissue with a common vascular bed. As the two lungs are formed and as their lobes develop, there is a stong tendency for the blood supply of each unit of lung to become independent of the supply to the other units (Edwards, 1960 (Edwards, 1953) .
The anomalously connecting veins observed in Cases 1 and 3, in the case of Lucas, and assumed in Case 2, all represented persistence of primitive connexions between the pulmonary and the cardinal venous systems. Each of these anomalous channels served the function of a collateral vessel (Lucas et al., 1962) .
Pulmonary venous obstruction occurred in each of the cases here reported. In Cases 1 and 2 and in Lucas' case, this resulted partly or wholly from the coexisting premature closure of the foramen ovale and mitral atresia. It was augmented in Case 1 by compression upon the anomalously connecting veins of contiguous structures, and in Case 2 by much hypoplasia of the right upper pulmonary vein. In Case 3 the pulmonary veins did not connect with the left atrium. Pulmonary venous obstruction in this case resulted from compression by adjacent mediastinal structures of two anomalously connecting pulmonary veins. In Case 4, obstruction to pulmonary venous flow was caused by the narrow patency of the foramen ovale in the presence of mitral atresia.
These cases serve to emphasize that the clinical identification of mitral atresia should suggest the possibility of coexistent pulmonary venous anomalies (which themselves may be the site of pulmonary venous obstruction). Conversely, the angiocardiographic demonstration of pulmonary venous anomalies may indicate coexistent mitral atresia. SUMMARY Pulmonary venous anomalies were observed in 5 among 29 specimens with mitral atresia. In 4 of these 5 the anomalous pulmonary veins took the form of anomalous pulmonary venous connexion. In the remaining case the pulmonary venous anomaly was represented by cor triatriatum. In 3 (Group I), mitral atresia and premature closure of the foramen ovale coexisted. The anomalous pulmonary venous connexions in this group provided collateral routes for the flow of pulmonary venous blood, and can be understood as developing in response to obstruction at the foramen ovale when the mitral valve is atretic. In the remaining 2 (Group II) no such causative factor could be invoked. In one of the latter group total anomalous pulmonary venous connexion coexisted with a common atrium. In the other, cor triatriatum coexisted with a patent foramen ovale.
Pulmonary venous obstruction occurred in each of the 5 cases.
